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Description 

BACKGROUND OF THE INVEmiON 

5 FiElB OF THE INVENTION : TNs Invention relates to catalyst system for the polymerization of olefins, particularly, to a 
catalyst system comprising a supported Ziegler-Natta catalyst Ttie catalyst system is used to polymerize olefins, sudi 
as ettiylene. 

DESCRIPTION OF THE PRIOR AFTT : Polyol^ln manufecluring processes typically involve ttie polymerization of olefin 

monomer with a Ziegler-Natta type catalyst. Catalyst systen^ for the polymerization of olefins are well known in the art. 
10 Typically, these systems include a Ziegler*Natta type polymerization catalyst component and a co-catalyst, usually an 

organoalurrunum compound. Examples of such catalyst systems are shown in the following U.S. Patents 3.574,138; 

4,316.966; and 5,1 73,465, the disclosures of which are herek)y incorporated t>y reference. 

A Ziegler-Natta type polymerization catalyst is basically a complex derived from a halide of a transition metal, for 

example, titanium or vanadium, with a metal hydride andA)r a metal all^, Really an organoaluminum compound, as 
IS a co-catalyst Ttie caldyst is usually con^ised of a titanium halide supported on a magnesium compound compiexed 

with an alkylaluminum co-catalyst 

SUMMARY OF THE INVENTION 

20 Accordingly, an object of this invention is to synthesize a supported Ziegler-Natta catalyst for the polymerization of 
ethylene. 

Also, an olsject of this invention is to produce a pdyolef in having large particle size, a low amount of smalt particles 
or "fines'* and low wax. 

in addition, an object of this invention is to produce a catalyst with high activity and better hydrogen response. 
25 These and other objects are acconplshed tiy a catalyst ^em comprising a supported Ziegler-IMatta catalyst 
used in a polymerization process for polymerizing olefins, especially ettiylene. 

The present invention provides for a catalyst for polymerization of olefins having high activity and better tiydrogen 
response comprising: 

30 a) a stpported Ziegler-Natta transition metal catalyst component; and 
b) an organoaluminum co-catalyst. 

The present invention provides for a catalyst component comprising: 

35 a) a soluble magnesium compound of magnesium dialkoxide of the general fbrnijla Mg(OR)2 where R is a tiydro- 
caibyl or SLtetituted hydrocaibyl of 1 to 20 carbon 

b) a mild chlorinating agent; 

c) alitanating agent; and 

(0 an organoaluminum connpound. 

The present invention provides for a process for synthesizing a catalyst component comprising: 

a) synthesizing magnesium di(alka}dde) from magnesium diall^ and alcotiol; 

b) adcfing a mild chlorinating agent; 
45 c) adding a titanating ^ent; 

d) adding a second titanating agent; 

e) adding an organoaluminum compound. 

TTie present invention also provides a process for the polymerization of olefins using the catalyst ^fstem described 
50 eSxNB to produce a polymer product tiaving a narrow molecular weight (fistrilxA'on. a low amount of small particles and 
low wax conqxising: 

a) selecting a conv^onal Ziegler-Natta transition metal catalyst component; 

b) contacting the catalyst component with an organoalurrunum co-catalyst compound; 

55 c) introducing the catalyst system into a polymerization reaction zone containing a monomer under polymerization 
reaction corxlitions to form a polymer product; and 
e) extracting polymer product from the polymerization reaction zone. 
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DETAILED PESCRiPTiON OF THE INVENTION 



The synthesis procedure for Ziegler-Natta type catalysts lor the polymerization of olefins is disclosed in U.S. Patent 
Nog. 3,644,318. the disclosure of which is hereby incorporated. The standard synthesis procedure is: 

5 

a) selecting a niagnesium compound; 

b) adding a chlorinating agent; 

c) adding a titanating agent; and 

d) optionally, adding a preactivating agent. 

The chlorinating agent and the titanating agent may be the same compound. 



Mg(0Ef)2 ^ T1CI4 -^titanium catalyst on magnesium sMpport 



IS The present invention modifies the synthesis procedure, and thus modifies the catalyst and the polymer product 
The present invention is characterized Ijy the lolkMring: 

1) a soluble magnesium compound; 

2) a mild chlorinating agent; 

20 3) simultaneous chlorination and titanation steps with a mild reagent; 

4) a second chlorination/titanation with a stronger reagent; 

5) a preactivation step. 

A proposed mechanism for the modified synthesis procedure is as IoIIgws: 

2S 

MgRR* + 2R-0H Mg(OR")2 1) 



Mg(0R-)2 + CIAR'"x-^"A" 2) 
30 •A" + TiCVn(ORn4-*"B- 3) 

"B" + T1CI4 "C* 4) 



"C + TEAI-^preactivated catalyst 5) 

35 

While the exact composition of "A" is unknown, it is believed that it contains a partially chlorinated magnesium com- 
pound, one example of which may be aMg(OR"). The first chlorinalion/titanation produces a catalyst ("B") which is 
probably a complex of chlorinated sand partially chlorinated magnesium and titanium compounds and may possifcily be 
represented by (MgCyy«(riCix(0R)4.Jz- "^le second chlorination/tltanation produces a catalyst ("C") which is also 

40 probably a complex of chlorinated and partially cHorhated magnesium and titanium compounds but different from "B" 
and may possibly be represented t>y (MgCla)/ - (TlClx'(0R)4.x')z'. It is expected that the level of chlorination of "C would 
be greater than that of "B". This greater level of chlorination would produce a different complex of different compounds. 
While this description of the reaction products offers the most probable explanation of the chemistry at tNs time, the 
invention as described in the claims is not limited by this theoretical mecfianism. 

45 The soluble macpiesium compound is preferably a non-redudng conrpound such as magnesium dialtodde of the 
general formula Mg(ORl2 where R" is a hydrocarisyl or substituted hydrocarbyl of 1 to 20 carbon atoms. A non-reduc- 
ing compound has the advantage of forming MgCt2 instead of insoluble species formed by reduction of compounds 
such as MgRR' w^ich tend to form catalysts having a broad particle size distribution. In addition. Mg(0R")2 »s less reac- 
tive than MgRR* and the chlorination with a mild chlorinating agent, followed by a simultaneous chlorinationAitanation 

50 with a mikJ reagent and a second chlorination/titanation with a stronger reagent are gradual and successively stronger 
reactions which may result in more uniform product i.e.. larger catalyst particles and better catalyst particle size control. 

Magnesium dialkoodde. such as magnesium di(2-6thyihexGDdde), may be produced tiy reacting an alkyi magnesium 
conpound (MgRR*). such as butyl ethyl magnesium (BEM), with an alcohol (ROH), such as 2-ethylhexanol. 

55 MgRR* + 2 R"OH ^ MgCOR^z + RH + R H 

In the case of BEM, RH and R H are butane and ethane, respectively. The reaction takes place at room temperature 
eamA the reactants form a solution. 
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The magnesium dialkyl [MgRR] may be any magnesium dialkyl where R and R' are alkyi groups of 1-10 cartxx) 
atoms. R and R' may be the same or different Examples of the magnesium dialkyl are magnesium diethyl, magnesium 
dipropyl, magnesium dibutyl, butylethylmagnesium, eta Butyletf^lmagnesium (BEM) is the prefen-ed magnesium 
dialkyl. 

5 The alcohol may be any ateohd of the general formula R"OH where R" is an alkyI group of 4-20 cartxm atoms. The 
ateohol may be linear or branched. Examples of the alcohol are txjtanot, isobulanolp 2-ethylhexanol, eta The preferred 
alcohol is 2-ethylhexanol. 

AlkyI magnesium compounds are highly associative due to electron-deficient bonding which results in a high 
molecular weight species which is very viscous in solution. This high viscosity may be reduced by the addition of an alu- 

10 minum alkyi. such as triethylaluminum. which disrupts the association between the individual alkyi magnesium mole- 
cules. The preferred ratk) of alkyi aluminum to magnesium is 0.001:1 to 1:1. more preferably 0.01 to 0.1:1 and most 
prefeFak3ly 0.03:1 to 0.05:1 . In addition, an electron donor such as an ether, e.g.» diisoaniyi ether (DIAE) may be used 
to further reduce the viscosity of the alkyi magnesium. The preferred ratio of electron dorKX to magnesium is 0:1 to 1 0:1 
and more preferably is 0.1:1 to 1:1. 

IS The chk>rinating agent is preferably a nraruxihloride oonpound wftich only partiafly chlorinates the magnesium 
alkoxida The cHorinating agent is of the general formula ClAR'"x or QAOR" xi where A is a nonreducing oxyphilic com- 
pound which is capat3le of excfiangi ng one cfitoride for an alkoxkie, R"* is allc^ and x is the valence of A minus 1 . Exam- 
ples of A are titanium, silicon, aluminum, cartx)n, tin arxJ germanium, most preferred of which is titanium and silicon 
wherein x is 3. Exanples of R"' are methyl, ethyl, propyl, isopropyl and the like having 2-6 cartx)n atoms. Examples of 

20 a chk)rinating agent effective in the present invention are Cm(0'Pr)3 and CISi(Me)3. 

The chlorinating/litanating agent is preferably a tetra-substituted titanium conpound with aR four substituents being 
the same and the substituents being a halide or an alkoxide or phenoxide with 2 to 10 carbon atoms, such as TICI4 or 
T1(0R"')4. The chlorinating/titanating agent may be a single compound or a combination of compounds. The synthesis 
provkJes an active catalyst after the first chlorinatbn/titanation; however, chk>rination/titanatk>n preferat)ly is done twice, 

2S is a different compound or combinatkyi of compounds al each additkm arxl is a stronger chkvination/titanation at the 
second addition. 

The first chlorinatkHi/trtanation agent is prefendsly a mikJ titanating agent which is preferat)ie a tH&nd of a titanium 
halide and a titanium alkoxkie. More preferably, tfie first chkxinating/litanating agent is a blend of TiCU and Ti(0Bu)4 in 
a range from 0.5:1 to 6:1 TiCl4/nOBu)4. most preferatiiy from 2:1 to 3:1 . The ratk> of titanium to magnesium in the first 

30 titanation is preferably 3:1 . it is believed that the blend of titanium halide and titanium alkaxkJe react to form a titanium 
alkoxyfialkje. Tl(OR)aXb. where OR and X are an alkoxide and halkie, respectively, a -f b is the valence of titanium which 
is typically 4 and t>oth a and b may be fractional, e.g, a=2.5 and b=1 .5. 

In the alternative, the first chlorination/titanafion agent may be a single compound. Examples of the first chlorina- 
tion/titanation agent as a single compound are Ti(OC2H5)3CI, ri(OC2H5)3CI, Ti(OC3H7)2Cl2p Ti(OQ3H7)3Ct, 

35 Tl(CX}4H9)a3. Ti(OC6Hi3)2a2. Ti(OC2H5)2Br2 and Ti(OCi2H25)Cl3- 

Optionally, an electron donor may t>e added with tiie first mikJ chlorination/titanation ^enL It is believed tiiat the 
addition of an electron donor at this step m^ result in better particle size control. The electron donor is preferably an 
alkytsSylalkoxkle of the general formula RSi(OR')3, eg., methylsilyltrielhoodde [MeSi(OEt3)], where R and R* are alkyls 
wHh 1 -5 cartx>n atoms and be ttie same or (Afferent 

40 The second stronger cNorinating/litanating agent is preferably a titanium halkie, more preferably titanium tetrachlo- 
ride [TiCy. The range of titanium to magnesium in the second chlorination/titanation is 0:1 to 2:1 and is preferably 0.5:1 
to1:1. 

The preactivating agent is preferably an organoaluminum compound. The organoaluminum preactivating agent is 
preferably an aluminum alkyi of the formula MR"^ where R'^ is an alkyi fiaving 1-8 cartx>n atoms or a halide. R' being 
46 the same or different and at least one R is an alkyi. The organoalunm'num preactivating agent is preferably a trialkyi alu- 
minum, such as trimethyl aluminum (TMA), triethyl aluminum (TEAI) arxi trilsobutyl alunrtinum (TiBAl). The preferred 
preactivating agent is TEAI. The ratio of Al to titanium is in the range from 0.1 :1 to 2:1 and preferably is 0.5:1 to 1 .2:1 
and more preferably is approximately 0.8:1. 

The specif k; synthesis procedure used was: 

so 

a) symhesizing soluble magnesium diatkoxkie [magnesium di(2-ethyl-hexoxide}] from magnesium diall^ 
pbutylethylmagnesium] and an atoohol |2-ettiylhexanoQ. optionally adding an aluminum alkyi (triethylaluminum) fbr 
viscosity control: 

b) addng a miki monochk>ro-chlorinating agent [Crn(0'Pr^]; 

ss c) adding a first miki chlorinating/litanating agent blend of titanium tetrahalide and titanium tetra-alkaxkie 
[TiCl4/ri(OBu)4]; 

d) adcfing a second stronger chlorinating/titanating agent of a titanium tetrahalide [TICU; 

e) adding an alkylaluminum [TEAQ to preactivate the catalyst 



4 



EP0a55409A1 



The conventional sipported Ziegler-Natta transition metal compound catalyst component as descrbed above may 
be used in the polymerization of olefins, particularly ethylene The transition metal compound is preferably of the gen- 
eral formula MR^x where M is the metal. is a halogen or a hydrocaibyloxy and x is the valence of the metal. Prefer- 
ably, M is a Group IVB metal, more preferably titanium. Preferably. is chlorine, bromine, an alkoxy or a phenoxy, more 

5 preferably chlorine. Illustrative examples of the transition metal compounds are 71014. "nBr4. Ti(OC2H5)3CI. 
■nCOCgHsfeCI. TKOCaHyfcClz. "n(OC4H9)3CI. TiCCXJeHiafeCla. TiCOCeHi 7)301. TlCOOaHsjgBrg and Ti(OCi2H25)Cl3. 
Mixtures of the transition metal compounds may be used. No restriction on the nuni>er of transition metal compounds 
is made as long as at least one transition metal compound is present 

The support should be an inert solid which is chemically unreactive with any of the components of the conventional 

10 Ziegler-Natta catalyst. The support is preferably a magnesium compound. Examples of tiie magnesium compounds 
which are to be used to provide a support for the catalyst component are magnesium halides. diaikoxymagnesiums. 
alkoxymagnesium halides and carbaxylates of magnesium. The preferred magnesium compound is a magnesium chlo- 
ride (MgOy. 

The catalyst is activated with an organoaluminum cocatalyst. The organoaluminum co-catalyst is preferably an alu- 
15 minum alkyi of the formula fiSH"^ where R'' is an alkyi having 1^ carbon atoms or a halide. R'' being the same or dif- 
ferent and at least one R"" is an alkyi. The organoaluminum co-calalyst may be an aluminum trialkyl. an aluminum 
dialM halide or an aluminum alkyi dihalide. More preferably, the organoaluminum co-catalyst is trialkyl aluminum, such 
as trimethyl aluminum (T^). triettiyl aluminum (TEAQ and triisobutyl alunnlnum (TiBAI). The preferred aluminum alM 
isTEAI. 

20 A Ziegler-Natta catalyst may be pre-polymerized to improve the perfomnance of the catalyst. Generally, a prepolym- 
erization process is effected by contacting a small amount of monomer with the catalyst after the catalyst has been con- 
tacted with the co-catalyst A preiX)lymerization process is described in U.S. Patent Nos. 5,106.804; 5.153,158; and 
5.594.071 . hereby incorporated by reference. 

The catalyst may be used in any known process for tiie horrxipolymerization or copolymerization off olefins. The 

25 polymerization process may be bulk, slurry or gas phasa It is prefen^ed to use a catalyst synthesized above in a slurry 
phase polymerization In temperature range of 50-100*^0. preferably 50-120"C, more preferably 70-80*0. and a pressure 
range of 50-800 psi. preferably 80-600 psi. more preferably 100-150 psi. The olefin monomer may be introduced into 
the polymerization reaction zone in a diluent which is a nonreactive heat transfer agent whfoh is liquid at tiie reaction 
conditions. Examples of such a (ifiluent are hexane and isokxitana For the copolymerization of ettiylene with another 

30 a^-oleTtfi, such as butene. the second alpha-defin may be present at 0.01 -20 mole percent, preferably 0.02-1 mole 
percent and more preferably atx>ut 0.0625 mole percent. 

An internal electron donor may be used in tiie formation reaction of the catalyst during the chtorination of chlorina- 
tion/titanation steps. Oompounds suitable as Internal electron-donors for preparing conventional supported Ziegler- 
Natta catalyst components include ethers, ketones, lactones, electron donors compounds wHh N. P and/or S atoms and 

35 specific classes of esters. Particularly suitable are the esters of phthallc add, such as diisobutyl. dioctyl. diphenyl and 
t)enzylbutylphtiialate; esters off matonic acid, such as diisobutyl and diettiylmalonate; alkyi and ary^valates; alkyi. 
cycloalkyi and arylmaleates; alkyi and aryl carbonates such as diisobutyl, ettiyl-phenyl and diphenylcarbonate; succinic 
add esters, such as mono and diethyl sucdnata 

External donors which may t>e utilized in tiie preparation of a catalyst according to the present invention indude 

40 organosilane compounds such as alkoxysilanes of general formula SiR,„(OR*)4^ where R is selected from the group 
consisting of an alkyi group, a cycfoalkyi groMp. an aryl group and a vhiyl groip; R' is an alkyi group; and m is 0-3. 
wherein R may be kf entical wHh R'; when m is 0. 1 or 2. «ie R' groups may be Uentical or different; and when m is 2 or 
3, the R groups may t>e identical or different 

Preferably, the external donor of the present invention is selected from a silane compound of ttie ffolkMring formula: 

45 

OR2 
I 

Ri ^Si R4 

so I 

OR3 

wherein R^ and R4 are both an alkyi or cydoalkyi group containing a primary, secondary or tertiary carbon atom 
55 attached to ttie silicon. R^ and R4 being tiie same or different; R2 and R3 are alkyi or aryl groups. Ri may be methyl, 
isopropyt, cydopentyl. cydohexyl or t-butyl; R2 and R3 may be methyl, ethyl, propyl, or butyl groups and not necessarily 
the same; and R4 may also methyl, isopropyt. cydopentyl. cydohexyl or t-butyl. Specific external donors are cydohex- 
ylmethykJimettioxy silane (CMOS). diisopropykJimethoxysilane (DIDS) cydohe)^isopropyl dimettioxysilane (OIDS), 
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dk^lopentyldimethoxysilane (CPDS) or di-t-butyl dimethoxysilane (DTDS). 

The invention having been generaHy described, the fdlowing exanples are given as particular emtxxJiments of the 
invention and to demonstrate the practice arvi advantages thereof. It is understood that the examples are given by 
of illustration and are not intended to limit the specification or the daims to foDow in any manner. 
5 The following parameters were varied in the Examples below: 

1. Different chlorination/predpHation reagent 

2. Catalyst preparation with and without using the monochloride 

3. Use of an alternative monochloride 

10 4. Use of disoamyl ether (DIAE) or Me(Si(0EQ3 as an electron donor 

Catalyst preparation 
EXAMPLE 1 

IS 

50 mmole of BEM was weired into a 1 00 ml measuring cylinder In the nitrogen box. 1 .5 mmole of TEAI was added 
to ttie BEM solution. The BEM/TEAL mixture was diluted to 100 ml vwth heptane, and transferred to a 1L 5-neck flask. 
The viscosity of this mixhire was much lower than BEM itself. The measuring cylinder was rinsed twice with 50 ml por- 
tions of heptane, which was also transferred into the 1 L flask The solution was stin-ed at room temperature at 200 rpm. 

20 104.5 mmole 2-Et-HexOH was weighed into a 50 ml measuring cylinder and diluted to 50 ml with heptane. The 
alcohol solution was transferred to the 60 ml addition funnel on the 1 L flask, and added dropwise to the BEM/TEAL 
solution at RT over 50 mins. The addition funnel was rinsed with 50 ml heptane. The reactbn mixture was stinred at 
room temperature tor anotlier hour. 

50 mmole GiTi(0^Pr)3 (hexane solution) was weighed into a 1 00 ml measuring cylinder and transferred to the 60 nrd 

25 addition funnel. The measuring cylinder was rinsed with 1 0 ml heplana The aTlCCyPr^^ solution was added dropwise 
to the flask at room temperature over 70 min& The reaction mixture was stirred at room temperature for another hour. 

19.0 g Tia4 was weighed into a 100 ml measuring cylinder and diluted with heptane to 100 ml. The TICI4 solution 
was transfenred to the addition funnel and added dropwise to the flask at room temperature over 55 mins. The reaction 
mixture was stinred at room temperature for one hour. The reaction mixture was then allowed to settla The supernatant 

30 was decanted. The solid was washed four times with 200 ml portions of heptane at 40*'C. The solid was dried In vacuo 
at 40°C for 2 hrs. (white powder, ca. 9.6 g). 

EXAMPLE 2 

35 50 mmole erf BEM was weighed into a 100 ml measuring cylinder and 1 .5 nvnde of TEAI was added to the BEM 
sdutioa The BEMH'EAL mixture w^ diluted to 100 ml with heptane. The BEM solution was transfenred to a 1 L flask 
equipped with a thermometer, a mechanical stinrer, a 60 ml addition funnel and a condenser with a gas inlet. The meas- 
uring cylinder was rinsed with 5 mi heptana The sohjlkxi was agitated at 200 rpm at room temperature. 

104.5 mmole of 2-Et-HexOH vifas weighed into a 50 ml measuring (finder and diluted to 50 ml with heptanei The 

40 alcohol solution was transferred to the 60 ml addition funnel on the 1 L flask. The cylinder was rinsed with 1 0 ml hep- 
tane. The akx)hol solution was added dropwise to the BEMATEAL solution at room temperature over 33 mins. The addi- 
tion funnel was rinsed with 50 ml heptana The reaction mixture was stirred at room temperature for another hour. 

50 mmoles of Cm(0'Pr)3 (hexane solution) was weighed into a 100 ml me^ring cylinder and transfened to the 
60 ml addition funnel on the 1 L flask. The measuring cylinder was rinsed with 10 ml heptane. The CITi(0'Pr)3 solution 

45 was added dropwise to the flask at room temperature over 46 mins. The addition funnel was rinsed with 1 0 ml heptana 
The reaction mixture was stinred at room temperature for two hours. 

19.0 g TICI4 and 17.0 g Tl(OBu)4 were weighed and mixed in a 100 ml measuring cylinder in the nitrogen bm. The 
mixture was diluted with heptane to 1 00 ml, and transfenred to the additk>n funnel and added dropwise to the flask at 
room temperature over 1 .5 hrs. The reaction mixture was stirred at room temperature for three hours. The reaction mix- 

50 ture was then alkswed to settia The sipernatant was decanted. The white solid was washed 4 times with 200 ml por- 
tions of heptane. 

9.5 g TiCl4 was weighed into a 100 ml me^ring cylinder and diluted to 50 ml with heptana The TICbi sdutkm was 
transferred to the 60 ml additk)n funnel and added dropwise to the flask at room temperature over 35 mins. The reaction 
mixture was stirred at room temperature for another two hours. The reaction mixture was allowed to settia The solid 
55 was washed four times with 150 ml portkxis of heptana The solid was dried in i^act/o at room temperature for 1.5 hrs. 
(off-white powder, ca. 5.5 g). 
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EXAMPLES 



The procedure of Example 2 was used to prepare a solution (A) from BEMATEAL + 2-Et-HexOH + Cm(0'Pr)3. 
17.0 g ■n(0Bu)4 was weired into a 50 ml measuring cylinder in the nitrogen t)GK. 1.78 g MeSi(0Et)3 was added. 
5 The mixture was diluted with heptane to 50 mi. This solution was transferred to a 1 L 5-neckflaslc with standani equip- 
ment. The solution was sHned at room temperature at 150 rpm. Then 19.0 g TiCU dluted to 50 ml in heptone was 
added to the Tl(OBu)4/MeSi(OEt)3 solution. This solution (B) was stirred at room temperature for 35 mins. 

The solution A prepared atx3ve was transferred to the 60 ml addition funnel on the 1 L flask, and added dropwise 
to the flask at room temperature wer 1 hr 50 mins. The reacticxi mixture was stirred at anr^ient teirperatore for another 
10 30 mins and then allowed to settle at room terrperature. 

The si4)ernatant was decanted. The solid was washed three times with 200 ml portions of hexane. 200 ml fresh 
hexane was added to the flask and the sluny was agitated at 150 rpm at room temperature. 

9.5 g TICI4 was weigjhed into a 50 ml measuring cylinder arxJ diluted to 50 ml with hexane. The TICI4 solution was 
transfenred to the 60 n4 adcfition funnel on the 1 L flask, and added dropwise to the flask in 25 mins. The reaction mix- 
is ture was stirred at room temperature for anottier two hours. The reaction mixtore was then allowed to setda The siper- 
natant was decanted. The solid was washed 4 times with 200 ml portions of hscana The solid was dried in vacuo at 
room temperature for 2 hrs. The yiekJ of the solid was ca. 5.1 g. 

EXAMPLE 4 

20 

The procedure to prepare this catalyst is the same as that for Exairple 3, except that the mixture of 
TiCl4/n(OBu)4/MeSi(OEt)3 (2/1/0.2) was added to the solution "A" prepared from BEM/TEAL (1/D.03) + 2-Et-HexOH 
(2) + Crn(CyPr)3 (1). The resultant white solid was dried in vacuo at room temperature for 1 .5 hours (ca. 4.2 g). 

25 EXAMPLES 

The Mg(0R)2 solution was prepared with BEM/TEAL (50 mmole^l .5 mmole) and 2-Et-HexOH (104.5 mmole) as in 
Exarnple 2. The viscous solution was stirred at ambiem temperature at 150 rp^ 

104.5 mmole of ClTl(0'Pr)3 (hexane solution) was weighed into a 100 nil measuring cylinder and then transfenred 
30 to the addition funnel on the 1 L flask. The aTi(0'Pr)3 solutkm was added dropwise to the flask over 1.5 hrs. The reac- 
tion mixture was stirred at room terrperature for another 1 .5 hrs. The reaction mixture was alfowed to settle. The settling 
of the solid was very slow. The SLpernatant was decanted and the solid was re^lunied in 150 ml heptane. 

A solution of TiCl4/n(OBu)4yMeSi(OEt)3 (100 mmole^ mmole/10 mmole) was prepared in the same way as for 
the preparation of Example 3. This solution was transferred to the 60 ml addition funnel on the 1 L flask, and added 
35 dropwise to the flask at room temperature over a p^od of 2 hrs. The reaction mixture was stined at room temperature 
for another hour. The reactfon mixtore was allowed to settle. The settling of the solkf was much faster than before the 
TICI4 addition. The stpematant was decanted. The solid was washed four times with 150 ml portions of heptane. 

9.5 g Tia4 was weighed into a 50 ml measuring cylinder and dihJted to 40 ml with heptane. The T1CI4 solution was 
transferred to the 60 ml addition funnel. The cylinder was rinsed wHh 1 0 ml heptane. The Tia4 solution was added drop- 
40 wise to the flask at room temperatore over 35 mins. The reactfon mixtore was stored at room temperature for another 
hour. The reaction mixtore was aRowed to settle. The supernatant was decanted. The solid was washed four times with 
1 50 ml portions of heptana The solid was dried in vacuo at room terrpeialure for 2 hrs. The yield of the dried catalyst 
(white, static) was 1.3 g. 

45 EXAMPLES 

The sdutfon of Mg(OR)2 was prepared with BEM/TEAL (50 mmole/1.5 mmole) and 2-Et-HexOH (104.5 mmole) 

using the procedure of Example 2. 

19.0 g T1CI4 was weighed into a 50 ml measurfog cylinder and diluted to 20 ml witti heptane. The TiCU solution was 
so carmulated into a 100 ml flask containing 1 7.0 g Ti(0Bu)4. The oiang&lxDwn mixtore was stirred at room temperatore 

for 20 mins.. tfien transferred to ttie 60 ml addition funnel on the 1 L flask. The 1 00 mi flask was rinsed witti a small 

amount of heptane. The T1Cl4/Ti(OBu)4 solution was added dropwise to the 1 Lflask at room temperature over 55 mins. 

The reaction mixtore was stin^ed at room tenpeiatore for another tiour. The reaction mixture was ttien altawed to settle. 

The settling was very slow (>1 .5 hrs). The dear, light yellow supematant was decanted. The white soM was washed 
55 three times witti 1 50 ml portions of heptane. The solid was dried in vacuo at room temperatore for four hours. The solid 

was yellow, lunpy. The flask was ttien heated to 70 ""C and tiie solkJ was dried for anottier hour. The resultant solid was 

more powdery but still lumpy. The yield of the solkl was ca. 8.3 g. 
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EXAMPLE 7 



The preparation of Mg(OR)2 Gdution was the same as Exanple 6 except that 1 .58 g Dl AE was added to the mixhjre 
of BEM and TEAL before the iBaction. The viscosity of the BEMATEAL solution was drastically reduced upon the adcfi- 
5 tion of DIAE. The reaction was carried out at room temperature with 150 rpm agitation. 

A mixture of 17.0 g Ti(0Bu)4 and 19.0 g TICI4 was prepared in the same manner as in Example 2. This solution 
was added dropwise to the reaction flask at room tenrperature over 55 mins. After the addition was completed, the reac- 
tion mixture was stirred at room temperature for anottier hour. The reaction mixture was then allowed to settle. The flask 
was slowly heated to 50 °C during the settiing. The si4)ematant was decanted. The white solid was washed four times 
10 with 150 portions of heptane at 45-50 ""C. The solid was dried in vacuo at 50-55 ""C for 3 hrs. The solid (8.7 g) was 
more powdery than that of Example 6 but was still lumpy. 

^ 

EXAMPLE 8 

IS The preparation of Mg(0R)2 solution was the same as for Example 7. The reaction was earned out at room tem- 
perature with 1 50 rpm agitation. 

50 mmole of CrTi(Cy Pr)3 was weighed Into a 1 00 ml measuring cylinder and transferred to the 60 ml addition funnel. 
The measuring cylinder was rinsed witti 10 ml heptane. The cm(0'Pr)3 solution was added dropwise to ttie flask at 
room temperature over 40 mins. The addition funnel was rinsed with 5 ml heptane. The reaction mixture was stin'ed at 

20 room temp^ture for arx)ther hour. 

A mixture of 17.0 g Ti(OBu)4 and 19.0 g TiCl4 was prepared as in Dample 6. The TlCl4/Ti(OBu)4 solution was 
transferred to the addition funnel and added dropwise to the flask at room temperature over 75 minutes. The reaction 
mixture was stmred at room tetrperature for one hour. The reactton mixture was then allowed to setUa The supernatant 
was decanted. The solid was washed twice with 150 ml portions of heptane, then re-«lurried in 150 ml heptana 

29 9.5 g TiCU was weighed into a 50 ml measuring cylinder and diluted to 60 ml with heptane. The T1CI4 solution was 
added ctopwise to flie flask at room temperature over 40 mins. The reaction mixture was stirred at room temperature 
for another hour. The reaction mixture was then altowed to settle. The supernatant was decanted. The solid was 
washed four times witti 1 50 ml portions of heptane. The solid was dried in vacuo at room temperature for 2 hrs. The 
yield of the solid white powder was ca. 9.6 g. 

30 

EXAMPLE 9 

The solution of Mg(0R)2 was prepared as in Example 2 using BEM/TEAL and 2-Et-HexOH. The reaction was car- 
ried out at room temperature under agitation of 150 rpm. 

35 13.5 g dSiMe^ was weighed into a 50 ml measuring cylinder and diluted with heptane to 40 ml. The solution was 
transfen-ed to ttie 60 ml addition funnel on the 1 Lflask. The cylinder was rinsed with 10 ml heptane. The CISiM^ sdu- 
tfon was added dropwise to the 1 L flask at room temperature over 30 mine. The reaction mixture was stirred at room 
tenriperature for anottier 1 h and 45 mins. 

A mixture of 17.0 g Ti(OBu)4 and 19.0 g TiC^ was prepared as for Example 6. This mixture was added dropwise 

40 to the 1 L flask at room temperature over 70 mins. The reaction mixture w^ stirred at room temperature for another 
hour. The reaction mixture was alfowed to seWa The settling was very slow. The supernatant was decanted. The solid 
was washed witfi 150 ml heptane at room temperature. The solid was dried in vacuo for 2 hrs. The catalyst was very 
lumpy witti a yellow cofor. tt was heated to 70 ''C and dried for anottier hour. The solid became more powdery Ixjt still 
lumpy. The yiekl of the solid was 9.7 g. 

45 

EXAMPLE 10 

The reaction w^ carried out as in Example 9, except ttmt ttie OSMe^ solution was added to ttie Mg(0R)2 solution 
at 50 *'C instead of room temperature. 
50 The addition of ttie TlCl4lm(OBu)4 solution was canied out room temperatore over 75 mirHJtes. The reaction mix- 
ture was stin-ed at room temperature for one hour after the addition of the TiCl4/n(OBu)4 solution was completed. Then 
the reaction mixture was allowed to settle. The supernatant was decanted and the solki was washed twice with ISO ml 
portions of heptana The solid was then re-slumed in 150 ml fresh heptane. 

A second titanation was performed at room temperature using a 50 ml heptane solution containing 9.5 g TICI4. The 
55 reaction mixture was stirred at room temperature for one hour after the TICI4 addition was com^^eted. Then ttie reaction 
mixture was allowed to settle. The sipernatant was decanted. The solid was washed four times witti 150 ml portions of 
heptana The solkl was dried in vacuo for 1 h. The catalyst was heated to 55-60 ""C and dried for anottier 2.5 hrs. The 
final sdkJ was off-white and a littie lumpy. 
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EXAMPLE 11 



10 g Mg(0Et)2 was added to a 3-neck 500 mL flask fitted wHh a 60 mL dropping funnel, a condenser wHh gas Inlet 
and a septum. 200 mL heptane was added and the sluny was stirred while healing to the reaction temperature (85**C). 
5 24 mL T1CI4 w^ added to the stirred slurry over 15 minutes. The reaction mixture was stirred at SS^C for 5.5 hrs. The 
reaction mixture was cooled to IS^'C and allowed to settie. The supematant was decanted. The solid was washed four 
times each with -100 mL heptane at TO^'C. The solid was slurried in -100 mL dry octane and heated to 120°C for 18 
hours. The slurry was cooled to lO^'C and then the solid was allowed to settle. The supernatant was decanted. The solid 
was dried at 70*^0 Ibr 2 hours in vacuo. The yield was ca 14g. 

10 

Polymerization 

A four IHer reactor was fitted with four mixing baffles with two opposed pHch mixing propellers. Ethylene and hydro- 
gen were introduced to the reactor vessel via mass flow contiollers while a |}ack-pressure regulator keeps the internal 
IS reaction pressure constant The reaction temperature was maintained (in the reactor jacket) by steam and ccM water 
using a valve linked to a controller. 

Hexane was used as diluent and TEAL is used as cocatalyst for all polymerizations. 

Polymerizations were carried out under the following conditions: 



20 Polymerization Conditions 

Temperature SO^'C 

Reaction Time 60 minutes 

Catalyst 5-10 mg 

25 



TABLE I 



30 



35 



40 



45 



Example 


Yield(g) 


Productivity (g/g*hr) 


% fines (<125)im) 


Average Catalyst Parti- 
cle Size (microns) 


1. 


283 


21,000 


34.5 


10.6 


2. 


280 


21,000 


20.5 


15.5 


3. 


369 


28.000 


17 


19.6 


4. 


327 


25,000 


5.4 


15.8 


5. 


149 


25.000 


10 


12.2 


6. 


410 


31.000 


19.3 


10.3 


7. 


301 


23.000 


17.9 


12.5 


8. 


375 


28(000 


1.0 


11.0 




49 


4,000 


7.1 


21.8 


10. 


330 


20.000 


32.7 


26.5 


11. 


260 


26,000 


5.0 


9.0 



An improved catalyst synthesis is as foltows: BEM, TEAL and DIAE are added in a molar ratio of 1:0.03:0.6 in a 
solution at room temperature. An amount of 2-Et-HexOH equal to 2.09 equivalents is added to the BEMHEAI/DIAE 
so solution at room temperature to form magnesium dialkoodda One equivalent of CITl(0'Pr)3 is added to the solution at 
room temperature. A mixture of T1CI4 and Tl(OBu)4 as a Utanating agent in a molar ratio of 2:1 is added to the solution 
at room terrperature to form an initial catalyst. A seccxid titanation with TiCU in the amount of one equivalent is per- 
formed on the catalyst solution. 

The following parameters were varied in the Exarrples k>elow: 

55 

1 . The concentration of the TlCl4/ri(OBu)4 mixtire - Example 1 2 

2. The amount of TICI4 used for the second titanatfon - Example 13 

3. The titan€rtfon temperature - Examples 14 and 17 
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4. The amount of DIAE - Exarrples 15 and 16 

5. Heat treatment after titanation - Examples 1 8 and 20 

6. The preactivation of the catalyst - Example 1 9 

7. The impact of TEAI during synthesis - Example 21 
5 8. The sluny concerrtration - Example 22 

EXAMPLE 12 

The first two steps of the synthesis, i.e., the preparation of Mg(0R)2 and its reaction with Cm(CyPr)3 were carried 
10 out using the same procedure as for Example 8. 

19.0 g TiCU weigfied into a 50 ml measuring cylinder and diluted to 50 ml with heptane. The TiCt4 solution was 
cannulated into a 200 ml flask containirig 17.0 g T1(0Bu)4. The cylirxler was rinsed with 20 ml heptane. The orange- 
brown mixture was stirred at room temperature for 35 mins. The solution (ca. 86 ml) was transferred to tfie 60 ml addi* 
tion funnel on the 1 L flask (60 ml first), and added dropwise to the flask at room temperature over 92 minutes. The reac- 
ts tkxi mixture was stirred at room temperature for one hour, then alknvad to settia The supernatant was decanted. The 
solid was washed twice with 180 ml portions of heptane, then re-slurried in 180 ml fieptane. 

9.5 g TiCU was weighed into a 50 ml measuring cylinder and diluted to 60 ml with heptane. The TiCl4 sdutton was 
added dropwise to the flask at room temperature over 35 mins. The reaction mixture was stirred at room temperature 
for another hour and then was allowed to settle. The supernatant was decanted. The solid was washed four times with 
20 200 ml portions of heptane. The solid was dried in vacuo at room temperature for 2 fvs. The yield of the white solid was 
ca. 4.8 g. 

EXAMPLE 13 

25 The procedure to prepare this catalyst was the same as that for catalyst Example 1 2, except that 4.75 g T1CI4 (0.5 
eq.) instead of 9.5 g T1CI4 (1 eq.) was used for the second titanation. The yieM of the solid catalyst was ca. 5.2 g. 

EXAMPLE 14 

30 The procedures to prepare this catalyst is the same as that for Example 13, except that the first titanation using 
TiCl4/Ti(OBu)4 was camed out at 0 ''C instead of the amk>ient temperature The rate of precipitation seemed to t>e 
slower than the room temperature re^on. txjt the particle size was very small. The ice batii was removed once the 
addition of T1Cl4/n(OBu)4 was completed, and the reaction mixture was stirred at anr^ent temperature for one hour. 
The catalyst settling was much slower than the catalyst prepared at room temperatura The second titanation was car- 

35 ried out in the same way as for Example 13. The resultant white solid was dried in vacuo at room temperature for 2.5 
hours (ca. 6.7 g). The dried soiki catalyst was slightiy static and looked very fluffy. 

EXAMPLE 15 

40 The catalyst of this example was prepared using the same procedures as for Esrample 13 except that 3.16 g DIAE 
(0.4 eq. to Mg) was used as opposed to 1.58 g (0.2 eq.) DIAE. The reaction proceeded similarty to Exarrqile 13. The 
yieti of the soUd was 5.0 g. 

EXAMPLE 16 

46 

The catalyst of this example was prepared using the same procedures as for Exarrple 13. except that 4.74 g DIAE 
(0.6 eq. to Mg) was used as opposed to 1.58 g (0.2 eq.) DIAE. The reaction proceeded similarty to Example 13. The 
yield of the soiki was 5.1 g. 

so EXAMPLE 17 

The preparation of flie catalyst of this example fblk]wed the sanne procedures as for Bcampfo 16, except that th^ 
first titanation was canled out at 50 "C instead of the amkxent temperature. No preactivation was performed on this cat- 
alyst The yieki of the solid catalyst w^ 7.7 g. 

EXAMPLE 18 

The first few steps of the catalyst synthesis was the same as that for Example 1 6. However, after the first titanation 
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was completed and the reaction mixture was stinred at room temperature for one hour, the reaction mixture was heated 
to 50**C and stirred for one tiour. The rest of the syntfiesis proceeded as per Example 16. The yield of the dried solid 
catalyst was 4.7 g. 

5 EXAMPLE 19 

The first few steps of the reaction were carried out in the same way as Exarrple 16. 

After the second titanation 7.83 mmol TEAL was weighed into a 100 ml measuring cylinder and diluted to 60 ml 
with heptane. The TEAL solution was added dropwise to the 1 L flask at room temperature over 34 mins. The reaction 
10 mixture was stirred at ambient temperature for another fiour. The reaction mixture was allowed to settle. The superna- 
tant was decanted and the brown solid was washed four times with 200 ml portions of heptane. The solid was dried in 
vacuo at room temperature for 2.5 hrs (7.4 g). 

EXAMPLE 20 

IS 

The catalyst synthesis followed the same procedures as that for Exarrple 1 7, except tfiat a preadivatfon was per- 
formed after the second titanation similar to Example 19 using 7.24 mmole TEAL at room temperature. The yield of the 
dried, brown solid catalyst was 6.6 g. 

20 EXAMPLE 21 

50 mnfK)l of BEM in heptane solution was weighed into a 100 ml measuring cylinder. 4.74 g DIAE (30 mmole) was 
added to the BEM solution. The mixture was diluted to 80 ml with heptane, and transferred to a 1 L 5-neck flask with 
standard set-up. The solution was stirred at room temperature at 1 50 rpia 

25 13.00 g 2-B-He(0H was weighed into a 50 ml measuring cylinder and cfihJted to 50 ml with heptane. The alcohol 
solution was transferred to the 60 ml addition funnel on the 1 L flask. Ttie cylinder was rinsed with 10 ml heptana The 
2-Et-HexOH sdution was added dropwise to the 1 L flask at room temperature over 30 minutes. At the end of the addi- 
tion, the reaction mixture became a highly viscous gel. 

1 .5 mvno\e TEAL was weighed into a 20 ml Wheaton bottle and diluted to 10 ml with heptane. The TEAL solution 

30 was cannulated into the 1 L flask. The viscosity of the reaction mixture remained high and still a lot of gel was sticking 
on the wall. The reaction mixture was stirred at room tenperature for 20 mins. and no significant improvement in vis- 
cosity was cbserv&d. 

0.59 g 2-Et-HexOH was weighed into a 20 ml Wheaton botHe and diluted to 10 ml with heptane. The solution was 
transferred to the 60 ml addition funnel . The Wheaton tx>ttle was rinsed with 1 0 ml heptana The viscosity of the reaction 
35 mixture decreased dramatically and became normal. 

The rest of the catalyst preparation. i.e.. addition of CITKCy Pr)3. the first litanatfon with TiCVT<(0Bu)4 and the sec- 
ond titanation with T1CI4 was canried out in as usual. The yield of the solid catalyst was 6.2 g. 

EXAMPLE 22 

40 

100 mmol of BEM in heptane solution was weighed into a 250 ml measuring cylinder. 1 .38 g TEAL (24.8% in hep- 
tane) and 9.48 g DIAE were added to the BEM solution. The mixture was cannulated into a 1 L 5-neckf lask with stand- 
ard set-up. The cylirxJer was rinsed with 20 ml heptana The solutfon was stin-ed at room temperature at 150 rpm. 

27.18 g 2-EM-lexOH w^ weighed into a 50 ml measuring cylinder, and diluted to 50 ml with heptana The alcohol 
45 solution was trar)sf erred to the 60 ml addition funnel. The cylinder was rinsed with 10 ml heptane. The alcohol solution 
was added to the 1 Lflask aft room temperature in 15 mina The cotoriess solution was stirred at room temperature for 
45mina 

100 mmol of Crn(CyPr)3 was weighed into a 100 ml measuring cylinder and transferred to the 60 ml addition funnel 
(50 ml at a time). The solution was added dropwise to the 1 Lflask at room temperature over 39 minutes. The additfon 
so funnel was rinsed with 10 ml heptane. The reactfon mixture was stin-ed at room temperature for one hour. 

34.0 g Ti(OBu)4 was w^hed into a 200 ml flask. 38.0 g TICI4 was weighed into a 50 ml measuring cylinder and 
diluted to 50 ml with heptane. The TICI4 solution was transferred to the 200 ml flask. The cylinder was rinsed wHh 90 ml 
heptane. The orange-brown reaction mixture was stinred at room temperature for 45 mins. 

The TlCl4/n(OBu)4 solution was transferred to the 60 ml addition funnel on the 1 L and added dropwise to the flask 
55 at room temperatore over 1 hr and 40 mins. The reaction mixture was stirred at room temperature for another hour and 
then was allowed to settle. The supernatant was decanted. The solid was washed twice with 200 ml portions of hep- 
tane, then reslurried in ca 180 ml heptana 

9.5 g T1CI4 was weighed into a 50 ml measuring cylinder and diluted to 60 ml with heptana The T1CI4 solution was 
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added dropwise at room temperature over 30 mins. The addition funnel was rinsed wrth 10 ml heptane. The reaction 
mixture was stirred at room temperature for anottier hour. A slurry sample was taken. A small portion of ttie sluny was 
transferred Id a 100 ml flask, decanted, washed and dried in vmio (1.7 g). 

7.18 g TEAL (24.8% in heptane) was weighed into a 100 ml measuring cylinder and diluted to 60 ml with heptane. 
5 The TEAL solution was added dropwise at room temperature over 26 mins. The reaction mixture was stirred at room 
temperature for another hour and then was allowed to settle. The supematant was decanted. The solid was washed 
four times with 200 ml portions of heptana The solid was dried in vacuo at room temperature for 2 hrs. (16.1 g). 



TABLE II 





Example 


Yieid(g) 


Producti>fity(g/g*hr) 


%fines(<125|iin) 


Catalyst Particle Size 
(microns) 




8. 


375 


28,000 


1.0 


11.0 


15 


12. 


253 


33.000 


0.6 


13.0 




13. 


304 


37,000 


0.8 


12.4 




14. 


352 


34,000 


19.1 


9.8 


20 


15. 


378 


48.000 


3.2 


13.5 


16. 


483 


60.000 


2.2 


13.5 




17 


155 


64.000 


9.8 


10.8 




18. 


418 


57,000 


3.6 


11.4 


25 


19. 


406 


42,000 


2.6 


14.7 




20. 


392 


45.000 


1.8 


12.6 




21. 


492 


51,000 


4.1 


12.8 


30 


22. 


405 


48.000 


1-8 


18.6 



Concentration of the Tia/T1(0Bu)4 and tiie amount of TiG4 used for the second titanation did not have any effect 
on catalyst performance and fluff morphology. Tenperatures of the first titanation which were higher or kiwer than room 
temperature resulted in smaller catalyst particle size, slower catalyst settling and nxxre fines in the polymer fluff. Cata- 

35 lyst syntiiesis is preferat)ly canied out at room (amtxent) temperature. Heat treatment after the first titanation had litUe 
effect on catalyst morphology. Addrtton of DIAE results in slightly more fines kxjt stgnif icanlly improves catalyst activity. 
The electron donor is t>elie^ to increase the integrity of and reduce fracpmentation of the catalyst partkdes. Use of an 
alkyl aluminum such as TEAI during catalyst synthesis helps reduce viscosity of the magnesium alkoxktos. Addition of 
an electron donor such as an ether. e.g. . dftsoamyl elher (DIAE), may be used to further reduce the viscosily of ttie alM 

40 magnesium and the magnesium alkoxide reaction product. The preactivation of the catalyst increases catalyst particle 
size and narrows particle size distrixjtion. 

The anrx}unt of fines in the fluff tiiat were produced tyy the imprcved catalyst is much less than ttiat produced by the 
comparative catalyst Conskiering fluff partides smaller than 125 mk;rons. the fluff produced tjy tiie comparative cata- 
lyst contain 3-5% of such particles, while ttie improved catalyst produced fluffs containing 1-2%. 

45 

Claims 

1. A catalyst for polymerizing ethylene comprising: 

50 a) a soluble magnesium compound off magnesium dialkoxkie of tiie general formula Mg(0R)2 where R is a 

hydrocarbyl or sut>stituted hydrocarfoyi of 1 to 20 canton atoms; 

b) a chlorinating agent capable of exchanging one chlorine for one alkoxkie; 

c) a first chlorinatingAitanating agent; 

d) a second stironger chlorinating/titanating agent; and 
55 e) an organoaluminum compound preactivating agent. 

2. The catalyst of Claim 1 wherein ttie solii>le magneskim compound is a reaction product of an alkyl magnesium 
conrpound of ttie general formula Mg RR where R and R ' are alkyl groups of 1 - 1 0 ceabon atoms and may be ttie 
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same or different and an alcohol of the general fbnnula R'DH where R" is an alkyi groi^^ of 2-10 cartxNi atoms. 

3. The catalyst off Claim 1 wherein tfie alM magnesium conpound is magnesium cfiethyi. magnesium dipropyl, mag- 
neslLon cfibutyl or txitylethylmagnesium. 

5 

4. The catalyst of Claim 1 wherein the alkyI magnesium compound is kxjtylethylmagnesium. 

5. The catalyst of Claim 1 wherein the alcohol is linear or branched. 

10 6. The catalyst of Claim 1 wherein the alcohol is ethanol. propanol. isopropanol. kxitanol, isokxjtanol or 2-ethylhexanol. 

7. The catalyst of Claim 6 wherein the alcohol Is 2-ethylhexanol. 

8. The catalyst of Claim 1 wherein the soluble magnesium compound is magnesium di(2-e!thylhexQ9dde). 

IS 

9. The catalyst of any one of Claims 1 to 8 additionally comprising an aluminum alkyI in a). 

10. The catalyst of Claim 9 wherein the alununum alkyI is triethylaluminum. 

20 11. The catalyst of Claim 9 wherein the ratio of alM aluminum to magnesium is 0.001 :1 to 1 :1 . 

12. The catalyst of Claim 1 1 wherein the ratio of alkyI aluminum to magnesium is 0.01 :1 to 0.1 :1 . 

13. The catalyst of Claim 12 wherein the ratio of all^ aluminum to magnesiwn Is 0.03:1 to 0.05:1. 

14. The catalyst of any one of Claims 1 to 13 adcfitionally comprising an electron donor. 

15. The catalyst of Claim 14 wherein the electron donor is diisoaniyl ether. 

30 16. The catalyst of Claim 14 wherein the ratio of the electron donor to magnesium is 0:1 to 10:1. 

17. The catalyst of Claim 16 wherein the ratio of the electron donor to magnesium is 0.1:1 to 1:1. 

18. The catalyst of any one of Claims 1 to 17 wherein the chlorinating agent is of the general formula CIAR'^ or 
as CIAOR"x, where A is a nonredudng oxyphilic compound which is capable of exchanging one chloride for an alkox- 

ide, R is alkyI and x is the valence of A minus 1 . 

1 9. The catalyst of Claim 18 wherein A is titanium, sificon, aluminum. cart)on, tin or germanium. 
40 20. The catalyst of Claim 19 wherein A is titaniim or silkxNfi and x is 3. 

21 . The catalyst of Claim 18 wherein R has 2-6 cartxm atoms. 

22. The catalyst of Claim 21 wherein R " is methyl, ethyl, propyl, or isopropyl. 

45 

23. The catalyst of Claim 18 wherein the chkmnating agent is Cm(CyPr)3 or aSiCMe)3. 

24. The catalyst of Claim 23 wherein the chlorinating agent is CIT1(0>Pr}3. 

so 25. Thecaftalystofanyoneof Claims 1 to 24 wheran the first chtorinating/litanati^ 
consisting of: 

i) a blend off two tetra-substituted titanium corTfx>unds with ail four substituents being the same and ttie sul>- 
stituents being a tialide or an alkoxide or phenoxide with 2 to 1 0 cartx)n atoms; 
55 ii) a titanium alkoxyhalide of the general fomnula Ti(OR)aXb. where DR and X are an alkoxkle and halide. 

respectively, a + b is the valence of titanium; and 
iii) a mixture of i) and ii) 
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26. The catalyst of Claim 25 wherein the f irst chlorinaftingAHanating agent is a blend of a titanium halide and a titanium 
alkoxide. 

27. TTte catalyst of Claim 26 wherein the first chlorinating/litanating agent is a blend of T1CI4 and Ti(0Bu)4. 

5 

28. Tlie catalyst of Gaim 27 wherein the first chlorinating/titanatffig agent is a blend of TiCl4 and 'n(OBu)4 in a range 
from 0.5:1 to 6:1 TiCl4/n(OBu)4. 

29. The catalyst of Claim 28 wherein the first chlorinating/titanating agent is a blend of T1CI4 and Ti(OBu)4 in a range 
10 from 2:1 to 3:1. 

30. The catalyst of Claim 29 wherein the ratio of titanium to magnesium is 3:1 . 

31. The catalyst of Claim 25 wherein the fnst chlormatingAitanating agent is Tl(OC2H5)3Clp T1(CX^H7)2Cl2. 
IS Ti(CX33H7)3CI. Ti(OC4H9)Cl3. TKOCgHiafeClg, Tl(0C2H^2Br2 or Tl(0Ci2H25)Cl3. 

32. The catalyst of any one of Claims 1 to 31 additionally comprising an electron donor of the general formula 
RSi(OR ^3 where R and R ' are alkyts with 1 -5 caitx>n atoms arKi may be the same or differ 

20 33. The catalyst of Claim 32 wherein the electron donor is metfrylsilyltriethoxide. 

34. The catalyst of any one of Claims 1 to 33 wherein the second stronger ctilorinating/tftanaling agent is a titanium 
halide. 

25 35. The catalyst of Claim 34 wherein tfie second stronger chlorinatingAitanating agent is titanium tetracNorida 

36. Thecatalystof any one of Claims 1 to 35 wherein tfie range of titanium to magnesium is 0:1 to 2:1. 

37. The catalyst of Claim 36 wherein tfie range of titanium to magnesium is 0.5:1 to 1 :1. 

30 

38. The catalyst of any one of Claims 1 to 37 wherein the organoaluminum preactivating agent is an aluminum alkyi of 
tfie formula AlR'^s where R^ is an alkyI having 1-8 caitx)n atoms or a halkje, R^ being the same or different arvt at 
least one R"^ is an alkyl. 

35 39. The catalyst of Claim 38 wherein the organoaluminum preactivating agent is a trialkyi aluminunrL 

40. The catalyst of Claim 39 wherein the organoaluminum preactivating agent is trimethyl aluminum, triethyl aluminum 
or triisobutyl aluminum. 

40 41 . The catalyst of Claim 40 wherein tfie organoaluminum preactivating agent is trietfiyl aluminum. 

42. The catalyst of any one of Claims 1 to 41 wherein the ratio of Al to titanium is in the range from 0. 1 :1 to 2:1 . 

43. The catalyst of Claim 42 wherein the ratio of Al to titanium is in the range from 0.5:1 to 1 .2:1 . 

45 

44. The catalyst of Claim 43 wherein the ratio of Al to titanium is approximately 0.8:1 . 

45. A process for syntfiesizing a catalyst comprising: 

50 a) sheeting a solulsle magnesium dialkoxide compound of the general formula Mg(0R)2 where R is a hydro- 

carfayl or sut3stituted hydrocart^ of 1 to 20 cartx>n atoms; 

b) addng a chtorinating agent capatrfe of exchanging one chlorine for one alkoxide; 

c) adding a first chlorinating/titanating agent; 

d) adding a second stronger chlorinating/iitanating agent; 
55 e) adding an organoaluminum preactivating agent. 

46. The process of Claim 45 wherein the soluble magnesium compound of step a) is as descrit>ed in any one of Claims 
2to8. 
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47. The process of Claims 45 or 46 additionally selecting in step a) an aluminum alkyi as described in any one of 
Clainns10to13. 

« 

48. Ttie process of any one of Claims 45 to 47 additionally comprising the step of adding an electron donor as 
5 described in any one of Claims 15 to 17. 

49. The process of any one of Claims 45 to 48 wherein the chlorinating agent of step b) is as described in any one of 
Claims 18 to 24. 

70 50. The process of any one of Claims 45 to 49 wherein the first chlorinatingAtitanating agent of step c) is as described 
in any one of Claims 25 to 31. 

51. The process of any one of Claims 45 to 50 additionally comprising the step of adding an electron donor as 
described in Claims 33 or 34. 

75 

52. Theprocessof anyoneoff Claims45tD51 wherein the second stronger chlorinating/fitanating agent of step d) is 
as described in any one of Claims 32 to 37. 

53. The process of any one of Claims 45 to 52 wherein the organoalun^num preactivating agent of step e) is as 
20 described in Claims 38 to 44. 

54. A process for polymerizing etfiylene comprising: 

a) providing a catalyst according to any one of Claims 1 to 44 
25 b) activating tfie catalyst with an organoaluminum conpound 

c) contacting the catalyst with ethylene monomer under polymerization oonditions» 

d) extracting poly^hylena 

55. The process of Claim 54 additionally comprising prepolymerizing the catalysL 

30 

56. The process of Claim 54 wherein polymerization is In bulk, slurry or gas phase. 

57. The process of Claim 56 wherein pdymerization is in slurry pfiase. 

35 58. The process of Claim 57 wherein sluny polymerization is in a temperature range of 50-120'*C. 

59. Theprocessof Claim 58 wherein sluny polyrnerization is in a tenrperaturera^ 

60. Theprocessof Qaim 59 wherein slurry polymerization is in a tenperature range of 70^ 

40 

61 . The process of Claim 57 wherein slurry polymerization is in a pressure range of 3.45 to 55.16 ttais (50-800 psi). 

62. The process of Claim 61 wherein slurry polymerization is in a pressure range of 5.52 to 41 .37 l>ars (80-600 psi). 

45 63. The process of Claim 62 wherein slurry polymerization is in a pressure range of 6.89 to 10.34 bars (100-150 psi). 

64. The process of Claim 54 wherein the olefin monomer is introduced into the polymerization reaction zone in a diluent 
which is a nonreactive heat transfer agent arxi is liquid at tfte reaction conditions. 

50 65. The process of Claim 64 wherein the cRIuent is hexane or isobutane. 

66. The process off Claim 57 wherein the slurry polynierization is a copolymerization of e^ 

67. The process of Claim 66 wherein butene is present at 0.01-20 mole percent. 

55 

68. The process of Claim 67 wherein butene is present at 0.02-1 mole percent 

69. The process of Claim 68 wherein Ixjtene is present from about 0.04 to about 0.08 mole percent 
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